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Class A G-protein-coupled receptors (GPCRs) constitute the largest family of
transmembrane receptors in the human genome. Understanding the mechanisms
which drove the evolution of such a large family would help understand the
specificity of each GPCR sub-family with applications to drug design. To gain
evolutionary information on class A GPCRs, we explored their sequence space by
metric multidimensional scaling analysis (MDS). Three-dimensional mapping of
human sequences shows a non-uniform distribution of GPCRs, organized in clusters
that lay along four privileged directions. To interpret these directions, we projected
supplementary sequences from different species onto the human space used as a
reference. With this technique, we can easily monitor the evolutionary drift of
several GPCR sub-families from cnidarians to humans. Results support a model of
radiative evolution of class A GPCRs from a central node formed by peptide
receptors. The privileged directions obtained from the MDS analysis are
interpretable in terms of three main evolutionary pathways related to specific
sequence determinants. The first pathway was initiated by a deletion in
transmembrane helix 2 (TM2) and led to three sub-families by divergent evolution.
The second pathway corresponds to the differentiation of the amine receptors. The
third pathway corresponds to parallel evolution of several sub-families in relation
with a covarion process involving proline residues in TM2 and TM5. As exemplified
with GPCRs, the MDS projection technique is an important tool to compare
orthologous sequence sets and to help decipher the mutational events that drove the
evolution of protein families.
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